A ging is associated with an increased risk of women dying from coronary heart disease (CHD) as well as from all causes. With age, the magnitude of the sex difference in CHD and all-cause mortality decreases to when, at advanced age, the risk of dying is almost identical for men and women. ' Aging is associated with increased levels in women of many biological risk factors for CHD, including levels of blood pressure, weight, and lipids and lipoproteins.2 High levels of physical activity appear to protect men and women from cardiovascular morbidity and mortality,3'4 although few studies have included women. Physical activity may be in part health promoting through its effect on other biological and psychological risk factors for cardiovascular disease. We previously reported cross-sectional analyses of healthy middle-aged women; women who had higher levels of physical activity had lower weight, systolic and diastolic blood pressures, triglycerides, low-density lipoprotein cholesterol (LDL-C), fasting insulin, and 2-hour postprandial insulin levels and higher high-density lipoprotein cholesterol (HDL-C) and HDL,-C levels.5 Other cross-sectional studies of physical activity have also shown that more active women had lower blood pressure6 and less atherogenic lipid profiles. 7 Intervention studies have shown that middle-aged women who increase their activity levels lose weight and subcutaneous fat.8 Physical activity also improves insulin sensitivity and reduces the amount of insulin necessary to control glucose levels among insulin-dependent diabetic patients.9 However, intervention studies have not consistently demonstrated improvement in women's lipid and lipoprotein profiles with change in activity. 10 The primary objective of the present investigation was to test the hypothesis that high levels of physical activity would retard the adverse changes in women's biological risk factors associated with midlife aging. Secondary objectives were to evaluate the effects of change in physical activity on change in psychological well-being and to describe the patterns of physical activity in healthy middle-aged women. The patterns of physical activity and levels of height, weight, lipids and lipoproteins, blood pressure, glucose, insulin, and depressive and stress symptoms were evaluated at study onset The two blood pressure readings were averaged. Serum lipids were analyzed in the Nutrition Core Laboratory of the University of Pittsburgh Graduate School of Public Health. This laboratory participates in the Centers for Disease Control Standardization Program. Total cholesterol was determined using the enzymatic method,14 and HDL-C was determined using the heparin-manganese precipitation method.1' HDL3-C was determined by the precipitation method using dextran sulfate,16 and HDL2-C was found by subtracting HDL3-C from the concentration of total HDL-C. Triglycerides were measured enzymatically.'7 LDL-C was estimated by using the 
Data Analysis
Distributions of kilocalories, insulin, triglycerides, and Beck Depression Inventory scores were skewed and subjected to log transformation before analysis. Change scores were created for kilocalories and risk factors by subtracting the level at the initial evaluation from the level 3 years later.
Paired t tests were conducted on the levels of risk factors at each evaluation to measure the effect of aging or repeated testing. Two-tailed p values of cO.05 were considered significant. Spearman rank order correlation coefficients assessed the relation between activity levels at the two examinations.
Multiple linear regression analyses determined the relative importance of baseline physical activity, change in physical activity, and hormonal and menopausal status in predicting change in risk factors. The baseline level of the risk factor was entered in the first step. Baseline activity level, change in activity level between evaluations, menopausal status (before and during versus after), and hormone use (yes versus no) were entered at the second step. Interaction terms for baseline activity and change in activity with menopausal status and hormone use were entered at step 3. The analyses were then repeated with change in weight and current smoking status included in the model at step 2. In addition, the analyses were repeated on Caucasian women only and reported when they showed a pattern of results different than that in the full analysis. Dietary factors such as change in grams of fat, percent of calories in fat, and total caloric intake were not significantly correlated with change in physical activity. Inclusion of smoking status in the analysis did not affect results and is not discussed further.
Results

Changes in Physical Activity and Biological Risk Factor Levels Across 3 Years
Mean energy expenditure in physical activity and mean risk factor levels at the baseline and 3-year examinations are shown in Table 1 . The women were moderately active at the time of each examination, and their activity level did not change with aging. Their physical activity levels were substantially correlated during the 3-year interval (r=0.49, p<0.001).
In contrast to the nonsignificant change in energy expenditure, there were relatively large changes in biological risk factors during the 3-year period. Women experienced increases in weight, diastolic (not systolic) We next addressed whether baseline physical activity or change in activity mitigated the changes in the biological risk factors that occurred over time. Regression analyses (see Table 2 ) on weight change showed that women who were less active at baseline and those who reported the greatest decreases in physical activity between the two examinations gained the most weight. Similar results were reported earlier in a subsample of 279 premenopausal women and 61 menopausal women.23 Table 3 shows that women who increased their activity level also tended to exhibit a smaller decline in HDL-C (p=0.06, without adjustment for weight change). However, baseline activity level was not related to changes in HDL-C. To illustrate the association between change in physical activity and change in HDL-C, women were categorized into three groups: women who reported increasing their activity at least 300 kcalfwk, women who Figure 1 shows that women who increased their physical activity had essentially no change in HDL-C during the 3 years (-0.6 mg/dl), whereas those who reported decreasing their activity
.300 kcal had a decline of -1.9 mg/dl. HDL-C declined more in postmenopausal women than in premenopausal women (Table 3) . Postmenopausal women declined an average of -1.6 mg/dl, whereas premenopausal women declined -0.85 mg/dl. Multiple regression analyses showed that the more women increased their level of activity between examinations, the smaller was the decline in HDL2-C levels (Table 4) . Women whose activity level increased at least 300 kcal/wk declined an average of only -1.3 mg/dl in HDL2-C levels, whereas those who reported a decrease in activity level of the same amount declined -3.5 mg/dl in HDL2-C (Figure 1 ). Weight change did not alter the effect of increasing activity on HDL2-C. Although there was no effect of baseline physical activity on change in HDL2-C, there was a significant interaction between baseline kilocalorie level and menopausal status at the 3-year examination (p=0.05). Among postmenopausal women, the greater the baseline physical activity, the greater was the decline in HDL2-C (r= -0.19, p<O.05), whereas among premenopausal women, there was no relation between baseline physical activity and change in HDL2-C (r=O.01). In the entire sample, postmenopausal women tended to have greater HDL2-C decreases than premenopausal women (p-0.05; Table 4 ). Among Caucasian women only, those who were postmenopausal had significantly greater decreases in HDL2-C than had premenopausal women (p=0.04).
Neither physical activity at baseline nor change in activity between examinations predicted change in height, diastolic blood pressure, LDL-C, triglycerides, or insulin levels.
Association of Physical Activity and Change in Psychological Symptoms
Women reported a small increase during 3 body weight. Taken together, these results suggest that physical activity has a positive impact on indexes of mental health in middle-aged women.
Physical Activity Characteristics of Middle-Aged Healthy Women We next examined the type of exercise and the reasons for exercise reported by the women. At both examinations, approximately 50% of the sample reported recreational sport or activity. The most prevalent sport at both examinations was walking, with calisthenics and aerobic exercise the next most common recreational activities. On average, the women reported walking three times per week, and most reported walking about 2 miles each time.
At the second examination, questions were asked regarding reasons for physical activity or inactivity. The most important reason given for exercise was to maintain fitness (28%); the next most important reason was to "feel good" (21%); and the third most important reason was to lose or maintain weight (15%). Seventythree percent of the women did not feel that they exercised enough. Reasons given for why they were not getting enough exercise, in descending order of frequency, were lack of motivation, lack of time due to work obligations, and dislike of exercise. Very few women felt that lack of facilities or lack of a partner with whom to exercise were serious impediments to exercise.
Among women who reported a decrease in their regular patterns of activity in the previous year, the reason most often given was a lack of motivation or lack of time for exercise. The women who reported an increase in activity in the previous year most often cited a desire to lose or maintain weight as the reason for increasing activity. Thirty-eight women reported sustaining an injury directly related to their exercise that caused them to stop or change their regular exercise pattern; the most common sites involved were the knee and the foot. Seventy-three percent of the women injured sought medical care for their injury.
Discussion
The primary objective of the study was to test the hypothesis that high levels of physical activity would prevent or alter the adverse changes in women's biological risk factors associated with midlife aging in women. Relatively healthy women were evaluated on major risk factors at study entry and 3 years later. Even though the duration of follow-up was short, women experienced substantial increases in weight; diastolic blood pressure; levels of total cholesterol, LDL-C, and triglycerides; and fasting and 2-hour postprandial insulin. They also experienced significant decreases in levels of total HDL-C and HDL2-C and in height. Support was found for the primary hypothesis with regard to HDL-C and HDL2-C. Women who increased, even slightly, physical activity during the 3 years tended to show the smallest decreases in total HDL-C and HDL2-C levels. These relations were maintained in analyses adjusted for menopausal status, hormone use, weight change, race, and smoking status. The inverse relation between physical activity at baseline and HDL2-C change at the second examination among postmenopausal women Owens et al Physical Activity and Aging 1269 cannot be readily explained. The beneficial effects of physical activity on HDL-C and HDL2-C are particularly noteworthy for two reasons. First, they occurred around the time of the menopause, when these lipoproteins are changing in response to a decline in levels of estradiol. Second, women's greater protection from CHD relative to men appears to be due in part to their elevated HDL-C and HDL2-C levels. Increasing physical activity in midlife may be a way to retain some of women's relative health advantage.
Consistent with our previous report23 is the finding that higher levels of physical activity are associated with less weight gain over time in the entire sample. Because weight gain leads to higher levels of blood pressure and insulin and a more atherogenic lipid profile, retarding the weight gain associated with aging may also reduce the incidence of cardiovascular diseases associated with these risk factors, as well as with other age-related chronic diseases, such as osteoarthritis.
Initial physical activity and change in activity did not effect change in triglycerides, LDL-C, and insulin. However, physical activity level covaried with these variables at each examination (data not shown). Perhaps larger changes in physical activity are necessary to effect change in insulin levels or certain lipids and lipoproteins. Or perhaps a change from premenopausal to postmenopausal status simply overpowers any influence of change in physical activity level, as women who became postmenopausal by the 3-year examination had greater increases in LDL-C over time than did agematched premenopausal women, and women who became postmenopausal had higher levels of triglycerides at both study entry and the follow-up examinations. 22 A secondary objective of the present investigation was to assess the relation between change in physical activity and change in psychological well-being. We found that women who increased their activity the most had the smallest increases in symptoms of stress and depression between examinations. These findings are consistent with cross-sectional data from a sample of 401 adults,24 in which self-reported usual physical activity was found to be negatively associated with measures of depression and anxiety. Even stronger evidence for a protective effect of physical activity on the incidence of depression was found in a prospective study where little or low levels of physical activity were found to be independent predictors of depression 8 years later. 25 Understanding the motives for engaging or not engaging in physical activity may be useful for implementing public health policy. The women in this study reported that the desire to achieve or maintain fitness was the primary reason for exercise, although a surprising percentage of the women reported that they exercised just to "feel good." The majority of the women felt that they were not getting enough exercise and that a lack of motivation coupled with a lack of time were the greatest deterrents. These were the same reasons given for decreasing activity during the follow-up period. Weight gain or the desire to maintain current weight was the most common reason given for increasing exercise. The usefulness of exercise in maintaining weight has been demonstrated in other prospective studies. 26, 27 The present study is among the first to assess some of the risks associated with low-level exercise in a nonathlete population. This is of particular importance in this population of women because they are entering menopause, a time of accelerated bone loss in women. The accident or injury rate of 7% during the previous year was not remarkable. However, it is noteworthy that all of the reported accidents or injuries occurred among the women who reported increasing their activity during the 3-year period. Although the present study shows that increasing activity has a beneficial effect on selected risk factors, it is important to continue to monitor the risk associated with increasing activity to identify activities that would put women at risk for musculoskeletal injury.
A recent meta-analysis of studies of both men and women has confirmed the protective effect of physical activity against CHD. 28 The present study provides important evidence that modest increases in activity in middle-aged women can prevent some of the deleterious changes in risk factors known to be associated with CHD. Although modest increases are relatively easy to achieve, increasing the motivation for exercise and accurate and reliable methods of measuring physical activity in men and women remains a problem. Other related issues that remain to be addressed are the effects of increases in activity in older populations, determination of a threshold of physical activity that results in the greatest benefit for specific age groups, risks associated with increasing activity, and differences between men and women in the ability of physical activity to modify risk.
